Aims-The incidence of lung cancer in Okinawa has been the highest in Japan since 1975, and squamous cell carcinoma (SCC), especially the well diVerentiated form, is the most prevalent form in Okinawa, although well diVerentiated SCC is relatively rare in mainland Japan. Furthermore, a high proportion of SCC of the lung in Okinawa was positive for human papillomavirus (HPV). In this study, we report recent striking changes in histological features and in the incidence of HPV infection. Methods-In Okinawa between 1986 and 1998, 1109 surgically resected lung tumours were examined histopathologically. In addition, human papillomavirus infection was detected by the polymerase chain reaction and Southern blot analysis in SCC cases reported in 1993 and 1995-8. Non-isotopic in situ hybridisation of HPV DNA was also carried out. Results-Up until 1994 SCC, especially the well diVerentiated form, was the most prevalent type of tumour. However, since 1995 the number of such cases has diminished steadily, accompanied by a slight rise in the incidence of adenocarcinoma. Although most present and past patients are heavy smokers, the incidence of SCC, especially the well diVerentiated form, continues to decrease steadily. Furthermore, in 1993, HPV was detected in 79% of all cases, and was particularly prevalent in the well diVerentiated form, but the rate fell to 68% in 1995, 35% in 1996, 23% in 1997, and 24% in 1998. The age distribution of patients, the male to female ratio, and the number of tumours overexpressing p53 protein did not change significantly over the study period, and thus did not correlate with changes in the diVerentiation of SCC. Conclusions-The decreasing incidence of viral infection correlates strongly with the falling numbers of SCC cases, especially well diVerentiated cases. These findings suggest that HPV might be involved in the development of SCC of the lung, aVecting the histological diVerentiation of SCC in particular, at least in Okinawa, a subtropical island in southern Japan. (J Clin Pathol 2000;53:676-684) Keywords: squamous cell carcinoma of the lung; histological diVerentiation; human papillomavirus Lung cancer increased 40-fold and 36-fold in Japanese men and women, respectively, between 1950 and 1997.
Lung cancer increased 40-fold and 36-fold in Japanese men and women, respectively, between 1950 and 1997. [1] [2] [3] Furthermore, the age adjusted mortality rate for lung cancer surpassed that of all other carcinomas in 1993 in Japan. 1 Examination of the available epidemiological data for Okinawa, a subtropical island located between the East China Sea and Pacific Ocean, 2000 km south of mainland Japan, shows that lung cancer was the leading cause of death from malignant tumours in 1975, 4 and that the incidence of lung cancer has been the highest in Japan since that year. 1 4 Furthermore, squamous cell carcinoma (SCC), especially the well diVerentiated form, is the most prevalent type in Okinawa, although it is relatively rare in mainland Japan 5 6 and other countries. [7] [8] [9] [10] [11] However, the frequency of well diVerentiated SCC cases has been declining on the island, particularly during the past five years.
Vincent et al reported in the 1960s that SCC was the most common tumour, representing about 50% of lung cancer cases. 12 However, subsequent studies in the 1970s on the incidence of major subtypes of lung cancer indicated that adenocarcinoma had moved ahead of SCC. 12 13 Unfortunately, the relative decrease in the incidence of SCC has been accompanied by an increase in adenocarcinoma. 2 3 12 13 There is ample evidence indicating that cigarette smoking is the major cause of lung cancer. 7 8 10 14 15 It is possible that the recent decrease in the frequency of SCC results, at least in part, from changes in smoking habits. However, the incidence of SCC remains high in Okinawa. 4 5 This is interesting because the prevalence of smoking in general is not particularly high in Okinawa, being in fact lower than that in mainland Japan. 16 We report data on lung cancer in Okinawa, and SCC in particular. In 1993, we examined SCC lesions for the presence of human papilloma virus (HPV) DNA. Surprisingly, many cases (79%) were positive for HPV DNA. 5 At that time, we 5 and others 17 18 also reported that HPV DNA was found in only 10-30% of SCC cases in mainland Japan. In our present study, we report the proportion of SCC cases positive for HPV DNA, and changes in tumour diVerentiation during a 12 year period, extending from 1986 to 1998.
Materials and methods

TISSUE SAMPLES
Samples were obtained from the National Okinawa Hospital, Ryukyu University Hospital, and the Naha Centre of the Doctor's Union. Samples comprised all the surgically removed carcinomas at these hospitals between 1986 and 1998. There was no secondary selection. More than 70% of patients in Okinawa underwent surgery in the National Okinawa Hospital; the remaining few cases were from the Ryukyu University Hospital and aYliated hospitals. Our University Medical School was opened in 1980, and up to 1985 we examined only 30-50% of all the surgically removed samples each year in Okinawa. Although those data are not included in our present study, well diVerentiated squamous cell carcinoma was commonly observed during that period. Most patients in our study were farmers or fishermen, with no miners or heavy industry workers because the latter two industries do not exist in Okinawa.
HISTOLOGICAL EXAMINATION AND NON-ISOTOPIC IN SITU HYBRIDISATION
Tumour tissue samples were fixed in 10% phosphate buVered formalin and processed using standard procedures. Dewaxed sections (4 µm thick) were stained with haematoxylin and eosin, Gomori's silver impregnation, periodic acid SchiV, and alcian blue. Tumours were classified into the following categories according to the criteria of the Japan Lung Society
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: SCC, small cell carcinoma, adenocarcinoma, large cell carcinoma, adenosquamous carcinoma, carcinoid tumour, bronchial gland carcinoma, and miscellaneous tumours. Included within the adenocarcinomas were acinar adenocarcinomas, papillary adenocarcinomas, bronchioloalveolar carcinomas, and solid carcinomas with mucin formation. Small cell carcinoma included oat cell carcinoma, intermediate cell type, and combined oat cell carcinoma. Large cell carcinomas included large cell carcinoma and variants, and giant cell carcinoma. Adenosquamous carcinomas were composed of at least 20% each of SCC and adenocarcinoma. 19 Both components were at least moderately well diVerentiated. 20 Carcinoid tumours, bronchial gland carcinomas, adenoid cystic carcinomas, mucoepidermoid carcinomas, and unclassified carcinomas were categorised as "others".
Immunohistochemical demonstration of p53 protein was performed using 4 µm dewaxed sections. The tissue was treated with anti-p53 protein monoclonal antibody Ab-2 (Oncogene Research Products, Calbiochem, Cambridge, Massachusetts, USA) after microwave oven heating in 10 mM sodium citrate buVer (pH 6.0). Immunohistochemical studies were carried out by the avidin-biotin-peroxidase method.
Non-isotopic in situ hybridisation (NISH) was performed on all specimens using HPV types 6, 11, 16, and 18 biotin labelled probes and a proprietary NISH detection system (Dako, Carpinteria, California, USA). NISH was carried out according to the method of Cooper and colleagues 21 and the manufacturer's instructions. Sections were digested with proteinase K (Merck, Tokyo, Japan) at a concentration of 2 µg/ml in 5 mM Tris/HCl buVer, pH 7.4, for 15 minutes at 37°C, then incubated with prehybridisation solution containing 2× SSC (sodium saline citrate), pH 7.2, 10% dextran sulphate (wt/vol), 400 µg/ml of sonicated herring sperm DNA, and 50% formamide (vol/vol). Denaturation of probe and target DNA in the sections was performed simultaneously on a hot plate (90°C) for two minutes. Hybridisation was subsequently carried out using 1 µg/ml of biotinylated HPV DNA by incubating the sections overnight in a humidified chamber at 37°C. Biotin was detected using alkaline phosphatase labelled streptavidin. 5-Bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium were used as substrate and chromogen, respectively.
DETECTION OF HPV TYPES 6, 11, 16, AND 18 DNA BY PCR DNA samples from SCC lesions were prepared according to the methods described by Impraim et al. 22 The 110 bp -globin gene was detected in all DNA samples according to the method of Saiki et al, 23 using their primers (PCO 3 and PCO 4 ). Table 1 lists the primers and probes for HPV-16 and HP-18 E7 used in these experiments. The primers for the E6 regions of HPV types 6, 11, 16, and 18, and probes for Southern blot analysis were similar to those reported by McNicol et al (table 1) . 24 The PCR reaction mixture contained 10 mM Tris/HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 0.01% gelatin, 0.4 mM each of four dNTPs, 0.32 µg of each primer, and 2.4 U Taq DNA polymerase (Cetus-Takara, Otsu, Japan). The reaction conditions were similar to those reported previously 5 25 : annealing at 62°C for three minutes, denaturation at 94°C for two minutes, and extension at 74°C for four minutes for 40 cycles. The amplified DNA was transferred on to nylon membranes (Hybond-N + ; Amersham Life Science, Buckinghamshire, UK) after routine polyacrylamide gel (10%) electrophoresis. Using a probe and the Amersham system (ECL 3'-oligolabelling and detection The data for 1993 have been reported previously. The detection of HPV DNA by PCR was carried out by two authors (JM and TH) separately in separate rooms to confirm the data blindly, using two diVerent PCR cyclers (ASTEL and PL800; Astec, Fukuoka, Japan). Furthermore, using the general primers (GP5/6) and type specific primers, according to the method of Walboomers et al, 27 the detection of HPV by PCR was also carried out separately by two authors (TK and KT).
SEQUENCE ANALYSIS OF PCR PRODUCTS
PCR products were extracted from the agarose gel. The extracted DNA was cloned into T-vector prepared from Bluescript (Stratagene, La Jolla, California, USA), according to the method of Marchuk et al. 28 Bluescript plasmid was digested with EcoRV, and incubated with Taq (Cetus-Takara) (1 U/µg plasmid) using standard buVer conditions, 10 mM Tris/HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , and 200 µg/ml bovine serum albumin in the presence of 2 mM dTTP for two hours at 70°C. Sequence analysis was carried out using the Hitachi SQ 5500 DNA sequencer (Hitachi, Tokyo, Japan).
STATISTICAL ANALYSIS
Statistical analysis was performed using the Mantel-Haentzel 2 method, and multiple regression analysis (Statistical Analysis System, SAS Institute Inc, Cary, North Carolina, USA). The level of significance was set at p < 0.05.
Results
HISTOLOGICAL EXAMINATION
During the study period (1986-98), 1109 surgically excised lung tumours were diagnosed microscopically by two pathologists (TI and JM), and re-examined by one pathologist (TI) for our report. Among them, 648 cases (SCC = 243) in 1986, 1990, and 1993-8 are listed in table 2. The total number of SCC cases (1986-98) was 421. Up until 1993, the number of SCC cases was higher than that of adenocarcinoma cases, but in 1995, for the first time, the number of adenocarcinoma cases surpassed that of SCC cases (table 2) . Although we have seen a disproportionally high number of well diVerentiated SCC cases in Okinawa compared with mainland Japan up to the present time (table 3; figs 1 and 2), the proportion has been decreasing since 1995. Peripherally located SCC cases have also been increasing, whereas in 1986 centrally located tumours were found more frequently. Figure  1A shows the histological features of a representative well diVerentiated SCC in an Okinawan patient. Pearl formations are conspicuous. Most patients with SCC were men (379 of 421 SCC cases between 1986 and 1998; 90%), and the well diVerentiated form was frequently seen (table 3). The well diVerentiated type was rare in women (eight in the 42 cases between 1986 and 1998). The ratio of male to female patients in each year did not change significantly during the study period. Most patients with SCC (389 of 421; 92%) were heavy smokers (> 10 cigarettes/ day), whereas the others were non-smokers or light smokers. The mean (SD) age of patients with SCC was 68.1 years (8.6), and it did not change significantly over the study period (66-69). The number of SCC cases was lower than that of adenocarcinoma cases in 1995, 1997, and 1998, but most patients were heavy smokers; only one in 1995 and 1996, three in 1997, and five in 1998 were not heavy smokers. Immunohistochemically, overexpression of the p53 protein was detected in 10 cases in 1986, 18 in 1993, eight in 1994, 13 in 1995, 16 in 1996, eight in 1997, and seven in 1998. The ratio of immunohistochemically p53 protein positive cases was in the range 33-44% throughout the study period.
DETECTION OF HPV DNA BY NISH AND PCR
One hundred and fifty seven SCC cases in 1993 (n = 43) and 1995-8 (n = 114) (table 2) were analysed by NISH and PCR.
As reported previously, 5 lower limits of 55 and 77 viral copies of HPV-16 and HPV-18 E7 regions, respectively, were detected using Southern blot analysis with chemiluminescent oligonucleotide probes. For HPV types 6, 11, 16, and 18 E6, lower limits of 85, 740, 55, and 7700 viral copies were detected using McNicol's primers and probes. 24 The copy numbers were estimated using serial dilution of each type of HPV in plasmid. The sensitivity of PCR varied with the primers and probes used. Cases where either one or both of the E6 and E7 regions were detected were counted as positive for HPV DNA. The sensitivity of the PCR using the type specific primers of Walboomers and colleagues 27 was also tested, and lower limits of about 740, 800, 100, and 80 copies of the L2 region of HPV-6 and the L1 regions of HPV types 11, 16, and 18, respectively, were detected. In dual or triple positive cases, one type of HPV DNA was detected at greater than 1000 copies/10 paraffin wax sections (∼ 10 mm 2 × 4 µm in thickness), whereas the second or second and third type was detected at a much lower concentration (< 200-300 copies/10 paraYn wax sections). In single type HPV infected cases, > 1000 copies of HPV were detected. Copy numbers of HPV were measured using serially diluted DNA samples and comparison with known copy number HPVs in plasmids.
In 1993, we reported the incidence of HPV DNA in Okinawan SCC cases (n = 43). 5 In that study, 34 (79%) cases were positive for HPV DNA. Of these, 13 cases were positive for HPV-16 and HPV-18, two cases were positive for HPV-6 and HPV-16, another two for HPV-6 and HPV-18, and five cases were triple positive for HPV types 6, 16, and 18. In these cases, the copy number of one of the two or one of the three types of HPV was predominant, implying that the second, or the second and third, type of HPV represented a superimposed infection. Using Southern hybridisation and NISH, in our present study we detected both episomal and integrated forms of HPV (fig 3) . However, we found that since 1995 the number of HPV positive cases has been steadily decreasing. Examination of our data showed diminishing numbers of both SCC cases, especially the well diVerentiated form, and HPV positive cases in recent years. There was a trend towards an increased number of poorly diVerentiated cancers (table 3; fig 2) , most of which were negative for HPV. HPV was detected mainly in moderately or well diVerentiated cancers (table 5) . Among HPV positive cases, 20 of 23 in 1995, 11 of 13 in 1996, five of five in 1997, and four of five in 1998 were moderately or well diVerentiated cases. HPV DNA was found frequently in well diVerentiated SCC (p = 0.05) using the 2 and multiple regression analysis. However, no significant correlation was found between detection of HPV DNA and the degree of smoking by similar multiple regression analysis.
Discussion
Although we have seen a disproportionately large number of well diVerentiated SCC cases in Okinawa up to the present time, 5 29 the frequency of these tumours has been steadily decreasing in recent years. Since 1995, the proportion of SCC, especially that of well diVerentiated tumours, has greatly decreased, and the number of adenocarcinoma cases surpassed that of SCC. This trend has also been observed in the past 20-30 years in mainland Japan as well as other countries. 3 8 9 12 30 In the 1950s, well diVerentiated SCCs were found frequently in both mainland Japan and other countries. 6 9 A large number of well diVerentiated SCCs of the lung were reported in the 1950s in mainland Japan. 6 However, most SCCs of the lung identified in recent years have been moderately or poorly diVerentiated forms. 7 8 10 14 Saldana et al reported recently that well diVerentiated SCC of the lung is relatively rare in the USA. 15 The criteria for well, moderately, and poorly diVerentiated tumours might vary slightly between pathologists, but the basic histological findings of SCC have remained unchanged for many years, including the presence of keratinisation (for example, pearl formation), prominent desmosomes (intercellular bridges), and bundles of intermediate filaments (keratin) frequently terminating on desmosomes. Well diVerentiated tumours show pronounced keratinisation, pearl formation, and intercellular bridges in more than 50% of the tumour area. Moderately and poorly diVerentiated tumours show less evidence of keratinisation.
There is no squamous epithelium in the normal tracheobronchial tree. SCC of the lung is thought to arise from areas showing progressive mucosal changes, such as squamous metaplasia and dysplasia. It is widely believed that cigarette smoking and other environmental agents can cause such changes and the development of SCC of the lung.
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Although we do not disagree with the proposed view of SCC tumorigenesis, our findings related to SCC of the lung in Okinawa suggest a close relation between SCC and HPV DNA, thus implicating the virus in tumorigenesis of at least this type of lung cancer. In this regard, HPV DNA has also been demonstrated in SCC components of a large number of adenosquamous carcinoma cases of the lung in Okinawa, 25 and HPV was also considered to cause squamous metaplasia of adenocarcinoma. 25 29 As reported previously, 5 there is no significant correlation between the degree of smoking and histological diVerentiation of these tumours, although Peter et al reported that smoking caused squamous metaplasia of the bronchial mucosa. 32 Most patients with SCC in Okinawa as well as other regions were heavy smokers, and formerly many had well diVerentiated tumours. However, moderately or poorly diVerentiated tumours have become more prevalent in recent years, although most patients with these tumours are also heavy smokers. Thus, it seems that histopathological changes are not dependent on tobacco smoking. Furthermore, the prevalence of smoking in Okinawa in general has not been particularly high, and the average smoking habits of the patients has not changed. 16 In Okinawa, most patients with SCC were men (379 of 421), and well diVerentiated cases with HPV infection were seen frequently. However, HPV positive well diVerentiated cases are decreasing. On the other hand, SCC in women was rare, and there were only eight well diVerentiated tumours. HPV was detected in only 12 female patients in 1993 and 1995-8, all of whom had well diVerentiated tumours. Lam et al have reported sex diVerences in bronchial epithelium, 33 but further studies are needed.
HPV DNA was detected in 79% of SCCs of the lung surgically treated in Okinawa in 1993, and most tumours were well diVerentiated. This was particularly true for HPV types 6 and 16. 5 In a separate study, Papadopoulou et al also reported a correlation between well diVerentiated SCC of the lung and HPV types 16 and 18. 34 Since 1994, the incidence of HPV in SCC of the lung has decreased in Okinawa. The number of tumours with double and triple types of HPV has also been decreasing steadily since 1995. In 1996, the number of SCC cases was higher than that of adenocarcinoma cases, but this was associated with a decrease in the number of well diVerentiated SCC cases. Thus, a low rate of HPV infection was coupled with a fall in the number of SCC cases, especially the well diVerentiated form. Tumour diVerentiation of SCC of the lung and frequency of HPV in Okinawa are currently similar to those of mainland Japan. In contrast, the age distribution, ratio of male to female patients, incidence of cigarette smoking, and the ratio of immunohistochemically p53 protein positive cases (32-44% of the cases were positively stained in each year) did not change significantly during the study period.
The Ile462Val polymorphism of cytochrome p450 IAl (CypIAl) is considered to be a high risk marker for lung cancer in Okinawan people, as reported recently by Sugimura et al. 35 However, such polymorphism does not influence the histological diVerentiation of lung carcinoma. In addition, the incidence of SCC of the head and neck, oesophagus, and uterine cervix in Okinawa is 1.5-2.0 times higher than that of mainland Japan. 1 Most of these tumours are positive for HPV. 36 37 Interestingly, the number of these tumours has also been falling in recent years. In this regard, the incidence of HPV in SCC varies significantly in diVerent geographical regions. 5 17 18 37-40 Taiwan, the nearest neighbour to Okinawa, and Fuzhou in China, which historically had close relations with Okinawa and was a source of immigration, have been reported as high HPV infection areas. 41 42 Okinawa was considered an HPV high prevalence region, but recent rapid improvements in hygiene (water supply, toilets, and sewage disposal) after Okinawa reverted to Japan 4 have greatly reduced the incidence of HPV infection. This change is thought to have been followed by a decrease in the incidence of SCC, especially well diVerentiated cases.
In contrast to the above reports, Suzuk et al showed a lack of correlation between histological diVerentiation of oesophageal SCC and the presence of HPV. 43 These discrepancies might result, in part, from the diVerent detection systems and condition of the samples, 5 34 44 and geographical or environmental factors. 42 43 Recently, Gorgoulis et al reported that HPV was possibly involved in laryngeal but not in lung carcinogenesis. 45 Our results, however, suggest that HPV might indeed be involved in the development of SCC of the lung. In 1995, the incidence of SCC in Okinawa fell below that of adenocarcinoma for the first time. Since then, the occurrence of SCC, particularly the well diVerentiated form has continued to decrease, and interestingly the decrease is closely related to the fall in HPV infection. However, in the case of low risk type HPVs, types 6 and 11, and HPV infection in a few SCC cases, viral infection might be secondary. Furthermore, in the well diVerentiated SCC cases, double or triple type HPV infection was considered to be a superimposed infection.
In conclusion, we demonstrated in this retrospective analysis of lung cancer cases a trend for increased incidence of adenocarcinomas and decreased incidence of SCC of the lung, especially the well diVerentiated form, in recent years in Okinawa. This fall in SCC coincided with a similar trend in the rate of HPV infection in SCC lesions, suggesting that at least in Okinawa island, HPV might be involved in the tumorigenesis and/or histological diVerentiation of SCC of the lung. Further laboratory studies are necessary to confirm our observations.
Most patients with SCC were men. No female patients had uterine cervical carcinoma. Cason et al have reported perinatal transmission of genital HPV, using a detection system sensitive to a broader range of HPV types. 46 Further study is indicated into the correlation between female genital HPV types and HPV types in patients with lung cancer. 47 
